A composite prepared from titanium (IV) silsesquioxane and phosphoric acid (TTiP) was prepared and occluded into the H-FAU zeolite (ZTTiP). The material was chemically modified with nickel and subsequently by potassium hexacyanoferrate (III) (ZTTiPNiH). It was preliminarily characterized by infrared spectroscopy (IR), energy dispersive X-ray spectroscopy (EDS) and cyclic voltammetry (CV). The voltammetric behavior of ZTTipNiH was obtained employing a modified graphite paste electrode (GPE) showing one well-defined redox couple with a formal potential of E θ = 0.51V (vs Ag/AgCl(sat)), KCl (3M) (20% w/w; v = 20 mV s −1 ; KCl; 1.00 mol L −1 ) corresponding to the Ni II Fe II (CN) 6 /Ni II Fe III (CN) 6 redox process. After rigorous voltammetric studies, the GPE modified with ZTTiPNiH was applied for facile and rapid detection of sulfite. From the analytical curve, a linear response was obtained in a concentration range of 0.05 to 0.80 mmol L −1 and a detection limit (3σ ) of 0.05 mmol L −1 with a relative standard deviation of 4.21% (n = 3) and an amperometric sensitivity of 14.42 mA L mol −1 for sulfite.
Introduction
Silsesquioxane refers to any compound in which the ratio of Si to O is 1.5, meaning that silicon is trivalent toward oxygen, leaving its fourth valency to another substituent, typically H or an organic group. It results in a general formula of (RSiO 1.5 ) n (for integer oxygen numbers, n must be an even number) [1, 2] . This also includes polymeric and resinous materials. These materials are designated polyhedral oligomeric silsesquioxanes (POSS) if n = 4, 6, 8, 10; (n > 4) [3, 4] . The POSS is the most interesting class of molecular silsesquioxanes, these compounds can be divided into completely condensed structures, and incompletely condensed structures, containing silanol groups and being of a more complex general formula [3, 4] .
The most important and studied incomplete condensed silsesquioxanes are the trisilanol POSS (Fig. 1) . It has been Devaney Ribeiro do Carmo docarmo@dfq.feis.unesp.br 1 Departamento de Física e Química, Faculdade de Engenharia de Ilha Solteira, UNESP -Universidade Estadual Paulista, Av. Brasil Centro, 56, CEP 15385-000, Ilha Solteira, SP, Brazil found that the interaction of trisilanol POSS with transition metals [4] [5] [6] [7] [8] form materials that presenting the same heterogeneous characteristics of inorganic functionalized silica with transition metals. This materials exhibit electrodedonor sites [8] and allow interactions with the donator neighboring oxygen that increases the stability of the clusters [9, 10] . Additionally, the demarcated alignment of the hydroxyl (OH) groups on the surface [11] contributes to the selectivity at which the reactant reacts on the surface [17] .
The most striking recently applications of incompletely condensed POSS are those related to technological importance, such as photocatalysis [12] , capturing of CO 2 [13] , dispersants for pigment treatment [14] , building blocks, polymers [15] and especially, homogenous and heterogeneous catalysis [16] . Recently was demonstrated [17] , that the titanium (IV) silsesquioxane (TS) structure remained unchanged when occluded.
The present work aims to occlude the cubic TS into the cavities of FAU zeolite. The coordination of titanium (IV) into a silsesquioxane structure tends to produce an electrophilic metallic center [4, 17] conducive to different interactions. In addition, FAU zeolites present high porosity and surface area, which are of great essential to the employment in the Fig. 1 Scheme of corner capping reaction of cyclohexyl trisilanol-POSS with titanium (IV) isopropoxide construction of electrodes, especially concerning its use as sensor in electroanalysis [18] .
The modifications of zeolites with incompletely condensed silsesquioxanes are not commonly studied mainly for electroanalysis purposes. In this study, the occluded TS was phosphated into the H-FAU zeolite. The modified zeolite after reaction of Nickel and subsequent metal complex formation with potassium hexacyanoferrate (III) (ZTTipNiH was applied for facile and rapid detection of sulfite.
Sulfite is a potentially toxic compound that is widely used as a legal food additive employed in the prevention of microbial spoiling and darkening reactions across a wide range of products [19] . High levels of this substance can drive adverse reactions in asthma patients [20] and several changes in the organoleptic properties of consumables [21, 22] . In this context, food products containing more than the limit established by legislation must be accurately labeled and methods that allow an accurate measurement of sulfite is highly important for the food industry.
The methods commonly used for determination of sulfite are titration [23, 24] , spectrophotometry [25, 26] , ion chromatography [27] , high-performance liquid chromatography (HPLC) [28, 29] , and voltammetry [30] [31] [32] . However, the high cost, time-consuming and necessity of sample pretreatment make most of the techniques disadvantageous, excepting voltammetry.
Experimental

Reagents and Solutions
The reagents utilized in the synthesis were of high analytical purity. The molecular sieve (H-FAU-Si/Al 40) used for the TTiP ligand occlusion was manufactured by Zeolyst company. The solutions were prepared using pure ethanol (99%) and deionized water (purified in MILLI-Q system with a conductivity of 18.2 M cm). Prior to use the sulfite solutions were carefully prepared and standardized just prior to use. For low concentration solutions, the dilution method was used.
TTiP Occlusion in H-FAU-Si/Al 40
In a flask were added 25 mL of tetrahydrofuran (THF), 400 mg of cyclohexyl trisilanol-POSS (1,3,5,7,9,11,14-Heptacyclohexyltricyclo [7.3.3.1 5.11 ] heptasiloxane-3, 7,14-triol) ( Fig. 1(1) ) and 0.12 mL of titanium (IV) isopropoxide. The solution was stirred for 6 h at a temperature of 50 • C. Subsequently, 2.00 g of H-FAU-Si / Al 40 (Z) was added to the system and the stirring was continued for a further 6 h at 50 • C. The material was allowed to stand for 20 h, and then the mixture was slowly filtered by gravity. The obtained material was washed with THF and dried at Fig. 1 , shows the corner capping reaction of cyclohexyl trisilanol-POSS with titanium (IV) isopropoxide ( Fig. 1 (2) ).
In a second step, 100 mL of phosphoric acid (1.00 mol L −1 ) was added to the previous material obtained and the mixture was stirred for 1 h. After standing for 24 h, the solid was filtered by gravity, washed with deionized water and dried at 100 • C. The product was described as ZTTiP and stored sheltered from light.
Adsorption of Ni (II) and Succeeding Interaction with Potassium Hexacyanoferrate(III): (ZTTiPNiH)
1.50 g of ZTTiP was dissolved in 50 mL of hydroalcoholic solution (50% v/v) of nickel chloride (0.10 mol L −1 ). The system was kept under stirring for 3 h at room temperature, and then the solid phase was filtered by gravity, washed with water/ethanol. The material obtained (ZTTiPNi) was dried at 90 • C. In a complementary step, the ZTTiPNi was added to 50 mL of potassium hexacyanoferrate (III) (0.10 mol L −1 ) and left to stand by for 15 h, then the solid phase was separated by vacuum filtration, washed with deionized water/acetone and dried at 70 • C. The material was stored away from the light and described as ZTTiPNiH.
Techniques
Fourier transform infrared spectra were recorded on a Nicolet 5DXB FT-IR 300 spectrometer using KBr pellets.
The materials microstructure was obtained using a JEOL JSM T-300 microscope) after coating with gold thin film in Sputter Coater Bal-Tec SCD-050. The materials morphology was examined using a scanning electron microscope (SEM) model (Philips XL 30. The X-ray diffraction patterns (XRD) were obtained using a Siemens D 5000 diffractometer with CuKα radiation λ = 1.5406Å, submitted to 40 KV, 30 mA, 0.05 • s −1 and exposed to radiation from 5 up to 30 • (2θ). Cyclic voltammograms were performed using the Auto Lab (PGSTAT 30-Methron). The graphite paste electrode (GPE) ((φ) = 0.5 mm) with modified material was used as working electrode. The counter and reference electrodes were a platinum wire and Ag/AgCl(sat), KCl (3M) electrodes respectively. Figure 2 illustrates the vibrational spectra of (a): Z, (b): ZTTiP and (c): ZTTiPNiH. All spectra show a broadband in the region of 3460 cm −1 due to the O-H bond of the silanol groups and adsorbed water molecules. The deformation vibrations of adsorbed water molecules could be seen at 1636 cm −1 . In the spectrum of Z (Fig. 2a) , intense bands in the range of 950-1200 cm −1 are due to Si(Al)-O stretching vibrations, which is dependent of the Al:Si ratio of the sample. The two bands related to the Si-O-Si and Al-OSi bridges can be found at the 690-800 cm −1 region. For the ZTTiP and ZTTiPNiH spectra, all bands from their precursors (Z and TTiP) [33] can be observed, in addition to two bands more intense between 2750 cm −1 and 2900 cm −1 corresponding to the ν(C-H) stretch observed for TTiP. The bands differing ZTTiPNiH from the other spectra are at 2178 cm −1 and 2113 cm −1 , which were attributed to the ν(C≡N) stretching from Fe III -CN-Ni II and Fe II -CN-Ni II respectively [34] [35] [36] . 
Results and Discussion
The micrographs of (a): Z, (b): ZTTiP and (c): ZTTiPNiH with a magnification of 50,000X are shown in Fig. 3 . For Z, agglomerations of different particle sizes, in the range of 250 to 550 nm, were observed. ZTTiP micrographs showed no change in particle size when compared to Z micrographs. ZTTiPNiH micrographs showed a slight increase in particle size of about 50 nm due to particle agglomeration on the outer surface of the material.
The semi-quantitative centesimal composition of the elements presents in the sample ZTTiPNiH were obtained by X-ray dispersive energy spectroscopy for all constituent elements such as, C; O; Si; Al; Ti; P; Ni; Fe, and K were 7.06; 64.09; 27.73; 0.37; 10.16; 0.25; 0.10; 0.08; 0. 17. (% At). The unexpected presence of potassium reinforces the idea of a crystalline reticulum formed by the NiHCF inside the zeolite cavity. The presence of potassium plays an important role in the redox process of the metal complex formed.
A detailed study was carried out on the electrochemical behavior of GPE modified with ZTTiPNiH employing the cyclic voltammetry method. Figure 4 shows the cyclic voltammogram of GPE with ZTTiPNiH (20% w/w) on different supporting electrolytes. In all electrolytes, the cyclic voltammogram exhibited a well-defined couple (peak I) with formal potential (E • ) equal to +0.51 V assigned to the redox process Fe +2 (CN) 6 /Fe +3 (CN) 6 in the presence of Ni 2+ [37, 38] So, it was possible to notice the influence of the cation effect (NH + 4 , Na +, and K + ) and anion (NO − 3 and Cl − ) in the oxidation-reduction process of the system. The Prussian blue analogs have a cubic threedimensional network structure, where the entry of cations with hydrated ionic diameters smaller than the channel diameters of the zeolitic structure occurs, which makes the electro-activity and selectivity dependent on the electrolyte used. In these studies, it was verified that the nature of the ions did not significantly affect the formal potential (E • ), neither the current intensity of anodic/cathodic peak, indicating that the channels of the reticulum formed are larger than the radii diameters of the hydrated cations of the electrolytes tested.
The basic voltammetric parameters obtained from the GPE modified with ZTTiPNiH in different support electrolytes are listed in Table 1 . The results presented suggest that the Ni II Fe II (CN) 6 /Ni II Fe III (CN) 6 process is quasi-reversible.
The KNO 3 electrolyte was chosen for further studies as it presents a well-defined voltammetric performance and great chemical stability when compared to the parameters of the other support electrolytes studied.
Voltammetric performance of GPE modified with ZTTiPNiH at distinct concentrations of KNO 3 (from 1.00 mmol L −1 to 2.00 mol L −1 ) are shown in Fig. 5a . As the electrolyte concentration increased, a rise in the current intensity of the anode / cathode peaks (I) and a pronounced displacement of the formal potential to more negative regions were observed, so it can be noticed the oxidation is favored when the concentration of the K + ion is sufficiently high, so that E • is lower in higher concentrations of K + . This atypical behavior was attributed to the high ionic strength and also to a change in the activity of these ions [40] .
The plot of the formal potential (E • ) as a function of the logarithm (log) of the concentration of KNO 3 (Fig. 5b) , showed a linear response, corroborating that the redox process is dependent on the K + concentration in the solution. The slope was approximately 35 mV/decade of the concentration of K + ions, suggesting that the redox process of this composite involves the participation of two electrons.
In order to optimize the system, and according to the results obtained, the chosen concentration of KNO 3 was 1.00 mol L −1 for further studies due to the better voltammetric response of the modified GPE.
Additionally, with pH variation (2 to 8) no significant change was observed in the current intensity and E • of peak I (Fig. 6) . Thus, it can be stated that the hydrogenionic concentration does not directly affect the electrochemical process and therefore it is not necessary to use a buffer solution.
Taking into account the possibility of carrying out further studies, aiming at the electrocatalytic determination in biological pH, the pH 7 was chosen. Figure 7a shows the cyclic voltammograms of the GPE modified with ZTTiPNiH at scanning rates of 10 to 100 mV s −1 . As the system scanning rate increased, anodic/cathodic peak current increased, a slight displacement of the medium potential (E • ) of 40 mV for positive regions and a potential variation ( Ep) of 80 mV. Figure 7b shows a linear relationship between the current peak I (anode/cathode) and the square root of the scanning rate, thus characterizing a diffusional process [41, 42] .
The peak separation potentials ( Ep) and the formal potential (E • ) as a function of the logarithm of the square root of scan rate (log v) is illustrated in Fig. 8 . According to Laviron's graphs, two straight lines, one with a slope of 2.3RT/(1-α)nF to the anodic peak and the other with a slope of −2.3RT/ αnF to the cathodic peak, are obtained. In this way, the value of the electron transfer coefficient (α) of the ZTTiPNiH was approximately 0.59. In ideal systems, the value of the electron transfer coefficient is equal to 0.50, but there is an acceptable margin of error of 0.30 ≤ α ≤ 0.70 [43] .
The value of the charge transfer constant (ks) was determined by the Laviron's equation (1) . This equation satisfies the conditions (200 mV)/n < Ep < (200 mV)/n, besides being able to be applied for high and low scanning rates [40] .
where: α = electron transfer coefficient, T = 298 K, F = 96485.3399 C mol −1 (Faraday's constant), R = 8.3 J K −1 mol −1 (universal constant of a perfect gas), n = number of electrons transferred e v = scanning ratio. Using Eq. 1, the value of charge transfer constant (ks) obtained was equal to 0.35 s −1 . The values found for α and ks are very close to those found in the literature for NiH [44] . The scanning rate chosen for subsequent studies was 30 mV s −1 .
Application of the Material in the Sulfite Catalytic Electrooxidation
Cyclic voltammograms of the catalytic electrooxidation of the sulfite using a GPE modified with ZTTiPNiH are shown in Fig. 9 . It was observed that the modified GPE in the presence of sulfite (a) showed an increase in the current intensity of the anodic peak and a decrease in the current of the cathodic peak, in relation to the modified electrode in the absence (E • = +0.53 V) of sulfite (b), thus proving the occurrence of the catalytic electrooxidation of the analyte. The unmodified GPE in the presence (c) and absence (d) of sulfite did not present any voltammetric response at the potential window studied (0.1 to 1.0 V). The current intensity of the anodic peak increases linearly with increasing sulfite concentration in the electrolytic solution. The Fe 3+ produced during the anodic scan chemically oxidizes the SO CS (3) where, = ZTTiP. Figure 10a shows the cyclic voltammograms of GPE modified with ZTTiPNiH at different sulfite concentrations. After the additions, the ZTTiPNiH system showed an increase in the current intensity of the anodic peak and a small displacement of the E • for anodic regions. By the analytical curve obtained from the anodic current intensity of peak I as a function of sulfite concentration (Fig. 10b) 
Conclusion
Titanium (IV) trisilanol POSS (TiP) was occluded into the H-FAU zeolite and characterized by FTIR, microscopy, EDX. The occluded material was reacted firstly with phosphate (ZTTiP) then with Nickel and subsequent with potassium hexacyanoferrate (III) to form a metal complex into the zeolite cavity (ZTTiPNiH). A redox couple corresponding to the Ni II Fe II (CN) 6 /Ni II Fe III (CN) 6 was characterized by cyclic voltammetry and the GPE with ZTTiPNiH was applied for facile and rapid detection of sulfite. From the analytical curve, a linear response was obtained in a concentration range of 0.05 to 0.8 mmol L −1 with a corresponding equation of Ip (μA) = 14.42 mA L mol −1 [mmol L −1 ] + 17.14 μA and a correlation coefficient of 0.993. The method presented a detection limit (3σ ) of 0.05 mmol L −1 with a relative standard deviation of 4.21% (n = 3) and an amperometric sensitivity of 14.42 mA L mol −1 for sulfite. The use of the electrochemical system containing ZTTiPNiH employed for the detection of sulfite, in comparison with other known analytic methods, is advantageous for the following reasons: a) it does not require any prior chemical treatment, b) it is easily confection, allowing the surface to be quickly renewed thereby decreasing the time for its quantification. 
